Multiple glutathione disulfide removal pathways mediate cytosolic redox homeostasis.
Glutathione is central to cellular redox chemistry. The majority of glutathione redox research has been based on the chemical analysis of whole-cell extracts, which unavoidably destroy subcellular compartment-specific information. Compartment-specific real-time measurements based on genetically encoded fluorescent probes now suggest that the cytosolic glutathione redox potential is about 100 mV more reducing than previously thought. Using these probes in yeast, we show that even during severe oxidative stress, the cytosolic glutathione disulfide (GSSG) concentration is much more tightly regulated than expected and provides a mechanistic explanation for the discrepancy with conventional measurements. GSSG that is not immediately reduced in the cytosol is rapidly transported into the vacuole by the ABC-C transporter Ycf1. The amount of whole-cell GSSG is entirely dependent on Ycf1 and uninformative about the cytosolic glutathione pool. Applying these insights, we identify Trx2 and Grx2 as efficient backup systems to glutathione reductase for cytosolic GSSG reduction.